1. Introduction {#S0001}
===============

Anxiety affects one-eighth of the world\'s population and is the main issue of research in psychopharmacology during the recent decades (Eisenberg et al., [@CIT0015]). Pharmacological studies, clinical investigations and, in recent years, analyses of genetically-modified mice implicated a remarkable diversity of mechanisms in the etiology, modulation and treatment of anxiety (Millan, [@CIT0030]). The neurobiological underpinnings of anxiety disorder has been studied in both animal and human models, and it is widely accepted that dysregulation of brain regions and structures are associated with anxiety (Edenfield & Saeed, [@CIT0014]).

Endocannabinoids and their receptors play a modulatory function in several physiological processes mainly in the brain (Fernandez-Ruiz, Hernandez& Ramos, [@CIT0016]). Several evidences suggest that the endocannabinoid system plays a role in the regulation of mood or anxiety (Rubino et al., [@CIT0046]). Consistent with this, the cannabinoid system can be seen as one of the key regulatory elements of anxiety behavior (Ruehle, Rey, Remmers & Lutz, 2012). Cannabinoids are produced throughout the brain and CB1 receptors are particularly well-represented in the cortex (entorhinal and cingulate), hippocampus, lateral septum, nucleus accumbens, amygdala and Peri-Aaqueductal Gray area (PAG) (Millan, [@CIT0030]). Cannabinoid receptor agonists/antagonists have been shown to exert anxiolytic effects in some studies (Saito,Wotjak & Moreira 2010) but anxiogenic effects in the others (Carvalho et al., [@CIT0009]; Degroot, [@CIT0012]; Haller et al., [@CIT0020]; Moreira & Lutz, [@CIT0032]). Furthermore, CB1 receptor agonists are reported to induce biphasic effects, with lower doses being anxiolytic and higher doses being anxiogenic (Rey, Purrio, Viveros & Lutz2012). Using CB1 receptor to knockout mice, several studies reported anxiogenic responses in classical anxiety paradigms such as elevated plus-maze (Ruehle et al., [@CIT0047]).

Symptoms and physiological changes potentially associated with adrenergic dysfunction have been reported in people with anxiety disorders (Cameron et al., [@CIT0004]). Brain noradrenergic systems regulate many of the same behavioral dimensions that are affected in depression and anxiety disorders (Oropeza, Mackie & Bockstaele, 2007).

Functional interactions between cannabinoids and central noradrenergic systems have been well described (Carvalho et al., [@CIT0008], [@CIT0009]; Gobbi et al., [@CIT0018]; Mendiguren & Pineda, [@CIT0029]; Muntoni et al., [@CIT0034]; Oropeza et al., [@CIT0036]; Page, Oropeza&Bockstaele, 2008). Manipulation of the endocannabinoid system affects the mood and cognition that share similarities with the noradrenergic system (Carvalho & Bockstaele, [@CIT0006]). Briefly, increasing endocannabinoid tone has been shown to improve mood similar to increasing noradrenergic tone with antidepressants. It has been shown in preclinical studies, where the antidepressant effects of chronic CB1 receptor agonist administration implicate a role for norepinephrine (NE) (Morrish, Hill, Riebe & Gorzalka, [@CIT0033]). Furthermore, systemic administration of WIN 55,212-2, a synthetic cannabinoid agonist, increases the indices of noradrenergic activity (Oropeza et al., [@CIT0036]; Page et al., [@CIT0038]).

Localization of CB1 receptors on noradrenergic axon terminals in the some cortical areas (Oropeza et al., [@CIT0036]), provide evidences for an anatomical and functional link between CB1 receptors and NE output that could affect neurobehavioral changes associated with cannabinoid use (Reyes et al., [@CIT0044]). Based on previous studies, it is shown that the endocannabinoid and noradrenergic systems play a role in modulating stress and anxiety responses (Duncko, Brtko, Kvetnanský & Jezová, [@CIT0013]; Fride, Bregman & Kirkham, [@CIT0017]; Hill & Gorzalka, 2004; Martin et al., [@CIT0027]; Millan, [@CIT0030]; Miller & Walker, [@CIT0031]; Sands et al., 2000). Although there are available data about effect of cannabinoid system on anxiety and also the data related to adrenergic system role on anxiety phenomenon, but there is no study about simultaneous stimulation effect and contemporary inactive of these two systems on anxiety. Also, this question that whether the effect of cannabinoid system on anxiety is the result of its effect on adrenergic synaptic transmission is still an open question. Therefore in this study, contemporary inhibitory effect of cannabinoid and adrenergic system on anxiety was studied.

2. Methods {#S0002}
==========

2.1. Animals {#S20003}
------------

Adult male Wistar rats, weighing 200--250 g, were used in the present study. The rats were randomly divided into seven groups (10 animals in each group) at the beginning of the study on a 12-h light schedule (lights on at 0700) in a temperature-controlled (22±2°C) colony room. They were allowed ad libitum access to standard rat chow and water. All procedures of research and animal care were approved by the Veterinary Ethics Committee of the Hamadan University of Medical Science (VECHUMS) and performed in accordance with the National Institutes of Health Guide for Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised 1985).

2.2. Drugs {#S20004}
----------

AM251 (Sigma, USA) was dissolved in 8% dimethylsulphoxide (DMSO; Sigma, USA) and used at dose of 0.3 mg/kg. Prazosin (Sigma, USA) was dissolved in DMSO and used at dose of 0.3 mg/kg. Diazepam (Kimidaru, Iran) was considered as a positive control drug with anxiolytic effect (0.3, 0.6, 1.2 mg/kg).

2.3. Groups {#S20005}
-----------

A: Control: Saline were given 30 min before test, B: AM251 (CB1 receptor antagonist) were given 30 min before test (0.3 mg/kg i. p.) (Wing &Shoaib 2010), C: Prazosin (α1-adrenergic antagonist) was given 30 min before test (0.3 mg/kg i.p.) (Bernardi, Ryabinin, Berger & Lattal [@CIT0002]), D: Prazosin + AM251 (both 0.3 mg/kg i.p.) were given 30 min before the test, E, F, G: Diazepam (is a benzodiazepine) were given 30 min before test (in three doses 0.3, 0.6, 1.2 mg/kg i. p.) ( Davis [@CIT0011]; Braida, Limonta, Malabarba, Zani & Sala, [@CIT0003]).

2.4. Elevated Plus-Maze {#S20006}
-----------------------

Anxiolytic activity of extract was measured using the elevated plus maze (EPM) test. This test is widely validated to measure anxiety in rodents (Carobrez & Bertoglio [@CIT0005]; Lister [@CIT0025]; Pellow et al 1985). Briefly, for rats, the apparatus consisted of the two open arms (50 × 10 cm each), two enclosed arms (50 × 10 × 50 cm each) and a central platform (10× 10 cm), arranged in such a way that the two arms of each type were opposite to each other. The maze was elevated 100 cm above the floor. EPM is based on the natural conflict of rodents to explore a novel environment and their innate aversion to open, elevated and brightly lit spaces. As a consequence of the aversive properties of the open arms, subjects spend a greater amount of time on the closed arms and the proportion of total exploration in the open arms provides a measure of anxiety, so that the increase of percent time spent on the open arms is considered to be indicative of anxiolytic drug action (Handley & Mithani, [@CIT0021]; Pellow & File, [@CIT0039]). Conversely, the decrease of percent time spent on open arms reflects an anxiogenic effect of the drug (Carvalho & Bockstaele, [@CIT0006]).

The animals were tested 30 min after i.p. infusion of AM251, prazosin and diazepam and 1 h after contemporary infusion of AM251 + Prazosin (Wing & Shoaib, [@CIT0051]; Pitkänen, Mathiesen, Rønn, Møller & Nissinen, [@CIT0041]). Behavioral parameters comprised both conventional spatiotemporal and ethological measures. Conventional measures were the frequencies of total, open and closed arm entries (arm entry = all 4 paws into an arm) and the time spent in open, closed and central parts of the maze (Rubino et al., [@CIT0046]; Zarrindast, Eslahi, Rezayof, Rostami & Zahmatkesh, [@CIT0053]; Youet al., [@CIT0052]). After the test, the maze was carefully cleaned with a wet tissue paper (10% ethanol solution).

2.5. Statistical Analysis {#S20007}
-------------------------

The results were expressed as the mean + S.E.M from groups of 10 animals as indicated in the text and legends. The data were analyzed using one-way analysis of variance (ANOVA) followed by Tukey\'s post-hoc test (t-test) for multiple comparisons. Differences were considered significant at p \< 0.05.

3. Results {#S0003}
==========

3.1. Effect of Diazepam on Anxiety {#S20009}
----------------------------------

In this study, at first the effect of diazepam on rat behavior was surveyed to estimate the plus-maze set usage correction. Diazepam was considered as a positive control drug with anxiolytic effect)Souto-Maior et al., [@CIT0049]; Gomes et al., [@CIT0019]). This anxiolytic drug with low dose (0.3 mg/kg) showed significant increase in the percent of open arms entry (OE) ([Figure 1-A](#F0001){ref-type="fig"}), and the spent time on open arms (OT) ([Figure 1-B](#F0001){ref-type="fig"}) \[F (3, 36) = 5.81, p \< 0.01\]. Diazepam showed significant increase in the open arms exploration in concentrations of 0.3 \[F (3, 36) = 5.06, p \<0.01\] and 0.6 mg/kg \[F (3, 36) = 3.33, p \< 0.05\], but interestingly not at 1.2 mg/kg ([Figure 1-A, B](#F0001){ref-type="fig"}). The number of closed arms entries was significantly \[F (3, 36) = 2.89, p \<0.05\] different for the group that received 1.2 mg/kg of diazepam. But, the number of closed arms entries was not significantly different for the groups that received 0.3 or 0.6 mg/kg of diazepam ([Fig. 1C](#F0001){ref-type="fig"}).

![The effects of diazepam (0.3, 0.6, 1.2 mg/kg i.p.) on the percentage of entries in open arms (A), spent time in open arms (B) and number of closed arms entry (C) during the 10-min test session in EPM. Data represent means±SEM.\
\*: P \< 0.05, \*\*: P \< 0.01 in comparison with control group.](BCN-5-218-g001){#F0001}

3.2. Effects of AM251 and Prazosin {#S20010}
----------------------------------

AM251 significantly decreased the percentage of entries to open arms (OE) \[F (3, 36) = 3.974, p\< .05\] ([Figure 2-A](#F0002){ref-type="fig"}), as well as the spent time on these arms (OT) \[F (3, 36) = 2.743, p\< .05\] ([Figure 2-B](#F0002){ref-type="fig"}), indicating an anxiogenic effect. While Prazosin injection increased the percent of open arms entry (OE) \[F (3, 36) = 3.685, p\< .05\] ([Figure 2-A](#F0002){ref-type="fig"}) and the spent time in open arms (OT) \[F (3, 36) = 4.134, p\< .05\] ([Figure 2-B](#F0002){ref-type="fig"}), indicating an anxiolytic effect.

![The effects of AM251(0.3 mg/kg i.p.), Prazosin (0.3 mg/kg i.p.) and AM251+ Prazosin on the percentage of entries in open arms (A), spent time in open arms (B) and the number of closed arms entry (C) during the 10-min test session in EPM. Data represent means±SEM. \*: P \< 0.05, \*\*: P \< 0.01 compared with control group. \#: P \< 0.05 compared to AM251 group\
\$: P \< 0.05 in contrast with Prazosin group\
\$\$: P \< 0.05 in contrast with Prazosin group](BCN-5-218-g002){#F0002}

The effects of contemporary injection of AM251 and Prazosin on open arms entry, as well as on the spent time in open arms were between AM251 and Prazosin effects. In the other word, contemporary injection of AM251 and Prazosin increased the percentage of entries to open arms \[F(3,36) = 2.786, p\< .05\] ([Figure 2-A](#F0002){ref-type="fig"}), as well as the spent time on these arms compared with AM241 effects \[F(3,36) = 4.156, p\< .05\] ([Figure 2-B](#F0002){ref-type="fig"}), decreasing these parameters compared with Prazosin effects \[F (3, 36) = 4.465, p\< .01\]. The number of entries into the closed arms was not significantly different between the AM251, Prazosin and AM251 + Prazosin treated groups versus control group ([Fig. 2C](#F0002){ref-type="fig"}).

4. Discussion {#S0004}
=============

The present study investigated the behavioral effects of the IP injection of cannabinoid receptor antagonist and adrenergic receptor antagonist on EPM. Our results demonstrated that the adrenergic receptor antagonist was able to produce anxiolytic effect in rats, whereas cannabinoid receptor antagonist produces anxiogenic effect. Also, our study showed both antagonists did not any significant effect on locomotor activity in EPM test. For comparison, the behavioral effects of diazepam, a typical anxiolytic compound, were also examined. It was observed that diazepam- treated rats, displayed anxiolytic behavior. Diazepam was applied as anxiolytic positive control drug (Souto-Maior.et al., 2011; Gomeset al., 2010(. In this method, high dose of diazepam could not induce anxiolytic effect because it reduces animal locomotion activity. Number of closed arm entery indicates the animal locomotion activity (Takahashi, Berton, Mormède & Chaouloff, [@CIT0050]; Bradley, Starkey, Browna & Lea, [@CIT0001]). Increase of the time and the proportion of the entrances into the open arms lacking a changed locomotors activity that are confirmed as a potent sign for an anxiolytic substance effect (Pellow et al., [@CIT0040]). In this study, high dose of diazepam reduced locomotions of animals due to severe sedation effect. Therefore, EPM is not suitable to assess anxiolytic activity of the high dose of diazepam, therefore, the other anxiety survey methods, like Shuttle Box should be used.

The effects of Prazosin and AM251+ Prazosin on time ratio and entry ratio were not related to the effect of these compounds on locomotion activity of the animals but were related to the effects of these compounds on anxiety, because AM251, Prazosin and AM251 + Prazosin did not affect the number of closed arms entry. In this study, antagonist of cannabinoid system increased anxiety of the animals, while adrenergic system antagonist could decrease it. There are controversies about the effects of cannabinoids on anxiety. For instance, administration of CB1 receptor antagonists was found to exert antidepressant, anxiolytic, anxiogenic or null effects (Hill & Gorzalka, [@CIT0022]). Also, it is reported that CB1 receptor antagonist, AM251, increased anxiety-like behavior in wild-type mice but had no effect on the CB1 receptor knockout mice (Pacher, Batkai & Kunos, [@CIT0037]). This variance may be due to several factors including species, strain, testing conditions of the animal or off-target effects of the employed agents (Hill & Gorzalka, [@CIT0022]), prior drug use, doses, basal anxiety levels and regional endocannabinoid basal tone (Degroot, [@CIT0012]). Regarding CB1 antagonists, it seems that the preponderance of the data suggest that these compounds are anxiolytic. On the other hand, agonists seem to have biphasic effects. Low doses seem to be anxiolytic, while high doses are anxiogenic (Musty, [@CIT0035]).

Functional interactions between cannabinoids and central noradrenergic systems have been well described (Carvalho et al., [@CIT0008], [@CIT0009]; Gobbi et al., [@CIT0018]; Mendiguren & Pineda, [@CIT0029]; Muntoni et al., [@CIT0034]; Oropeza et al., [@CIT0036]; Page et al., [@CIT0038]). CB1 receptors are located at noradrenergic presynaptic terminals (López-Moreno, González-Cuevas, Moren o& Navarro, [@CIT0026]). Many studies on the interactions between the cannabinoid and adrenergic systems focused on inhibition of noradrenergic neurotransmission by presynaptic CB1 receptors (Hudson et al., [@CIT0024]). In this regard, it is shown that CB1 receptors are localized to noradrenergic axon terminals in the prefrontal cortex (PFC) (Oropeza et al., [@CIT0036]) contributed in regulating norepinephrine release. On the other hand, it is reported that idazoxan (a selective α2 adrenergic receptor antagonist) caused a decrease in CB1 receptor density in the PFC, suggesting that high extracellular level of norepinephrine down regulates CB1 receptors (Hardy, 2012). Some studies using dual immunohistochemical detection of dopamine-β-hydroxylase (or tyrosine hydroxylase) and CB1 receptors showed that some of the CB1 receptors-positive neurons in the locus coreleous (LC) (Scavone, Mackie & Bockstaele, [@CIT0048]) and nucleus of the solitary tract (NTS) (Carvalho et al., [@CIT0008]) are noradrenergic. Also, it has been shown that anxiety-like behavior and NE levels return to control levels following chronic WIN 55, 212-2 exposure followed by a period of drug discontinuation (Page et al., [@CIT0038]). This effect was blocked by administration of the CB1 receptor antagonist SR141716A. Interestingly, administration of SR141716A alone caused a significant reduction of LC spontaneous firing, suggesting that LC is under the control of an endogenous cannabinoid tone (Carvalho & Bockstaele, [@CIT0007]).

α1 receptor are predominantly localized postsynaptically to noradrenergic neurons in diverse corticolimbic territories. Nevertheless, activation of α1 receptors in the amygdala is implicated in the induction of anxiety by stress and several reports of anxiolytic actions of α1 receptor antagonists have been appeared (Millan, [@CIT0030]). In recognition of this issue, α1 receptors, which mediate many typical postsynaptic effects, are characterized by much greater affinity for the antagonist prazosin than for yohimbine (an antagonist of α2 receptors) (Hoffman et al., [@CIT0023]). In this regard, it is reported that stress-induced cognitive deficits were blocked by infusion of the α1 receptor antagonist (Ramos & Arnsten, [@CIT0043]).

5. Conclusion {#S0005}
=============

Taken together, the effects of manipulating the endocannabinoid system and modulating noradrenergic transmission suggest that these two systems may interact or share some common signaling pathways. It seems that antagonist of cannabinoid system modulate noradrenergic output leading to increase of anxiety, while in contemporary consumption of two antagonist, 1 α receptor antagonist can inhibit anxiety which is due to inactivation of noradrenergic receptors. Also it seems that these two systems show antonym role in anxiety creation. The findings of this study can be useful for more effective treatment of anxiety.
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